Introduction and hypothesis Many providers recommend concurrent estrogen therapy with pessary use to limit complications; however, limited data exist to support this practice. We hypothesized that vaginal estrogen supplementation decreases incidence of pessary-related complications and discontinuation. Methods We performed a retrospective cohort study of women who underwent a pessary fitting from 1 January 2007 through 1 September 2013 at one institution; participants were identified by billing code and were eligible if they were postmenopausal and had at least 3 months of pessary use and 6 months of follow-up. All tests were two sided, and P values < 0.05 were considered statistically significant. Results Data from 199 women were included; 134 used vaginal estrogen and 65 did not. Women who used vaginal estrogen had a longer median follow-up time (29.5 months) compared with women who did not (15.4 months) and were more likely to have at least one pessary check (98.5 % vs 86.2 %, P < 0.001). Those in the estrogen group were less likely to discontinue using their pessary (30.6 % vs 58.5 %, P < 0.001) and less likely to develop increased vaginal discharge than women who did not [hazard ratio (HR) 0.31, 95 % confidence interval (CI) 0.17-0.58]. Vaginal estrogen was not protective against erosions (HR 0.93, 95 % CI 0.54-1.6) or vaginal bleeding (HR 0.78, 95 % CI 0.36-1.7). Conclusions Women who used vaginal estrogen exhibited a higher incidence of continued pessary use and lower incidence of increased vaginal discharge than women who did not.
Introduction
Pelvic organ prolapse (POP) and stress urinary incontinence (SUI) are widespread conditions that can affect up to 41 % of women and increase in prevalence with age [1] . While there rarely is serious morbidity secondary to prolapse or SUI, these conditions can have a significant effect on a woman's quality of life due to a protruding mass, pelvic pressure, dyspareunia, incontinence, and pain [2] . As the aging population continues to increase, focus will also need to increase on management options for these conditions. Current treatment options include expectant management, pelvic floor physical therapy, pessary use, and surgery.
The pessary is a simple, noninvasive, and inexpensive treatment option for patients with POP or SUI. A survey of members of the American Urogynecologic Society estimated that 77 % of urogynecologists use a pessary as a first-line treatment for POP [3] . Among patients using a pessary, 67-92 % report being satisfied, with nearly all symptoms from POP resolving within 2 months of use in one study [4] . Rarely, there are serious side effects associated with pessary use, such as fistula development, fecal impaction, or hydronephrosis.
These serious complications are almost always due to neglected pessary care. More typical complications include vaginal discharge, foul smell, bleeding, pain, and erosions [2] . Rates of vaginal erosions among pessary users vary in the literature from 3 to 24 % [5] [6] [7] .
Vaginal atrophy in menopause may predispose women to these more typical complications associated with pessary use. Without estrogen replacement, the vaginal epithelium in postmenopausal women changes in architecture leading to dryness, dyspareunia, discomfort, and pruritus [8] . Multiple studies have demonstrated that vaginal estrogen use results in maturation of vaginal epithelium with improvement in vaginal dryness and atrophy [9, 10] . Currently, the majority of providers recommend concurrent estrogen therapy with pessary use to limit complications; however, limited data exist to support this practice [2] . A retrospective medical record review identified that systemic and local hormone replacement therapy aide in successful pessary fitting and, based on expert opinion, vaginal erosions are routinely treated with vaginal estrogen [2, 6, 11] . However, there is a lack of data evaluating the concurrent use of vaginal estrogen and the development of complications.
The primary objective of our study was to examine the effect of vaginal estrogen supplementation on the incidence of erosions, other pessary-related complications, and discontinuation among women with POP and SUI who used a pessary for at least 3 months. We hypothesized that vaginal estrogen supplementation decreases the incidence of pessaryrelated complications and discontinuation.
Materials and methods
We performed a retrospective cohort study of women who had a pessary fitting from 1 January 2007 through 1 September 2013 at our institution. The Mount Auburn Hospital institutional review board approved the study protocol. We identified women using the current procedural terminology (CPT) billing code 57160, a five-digit numeric code used to describe medical, surgical, and diagnostic procedures or services. Women were eligible if they were postmenopausal. We further restricted participants to women with at least 3 months of pessary use to allow sufficient time for erosion development, which was the primary outcome of interest. All women were followed for a minimum of 6 months after the start of their pessary use. This was a sample of convenience.
In our practice, after a woman was fitted for a pessary, she was instructed to return to see a provider in 2 weeks. After this visit, she was instructed to follow-up every 3 months for pessary checks with a provider if she was not able to remove of felt uncomfortable removing her pessary at home. If the woman was managing her pessary at home, she was instructed to follow-up every 6-12 months.
Each medical record was reviewed for demographic information, relevant comorbidities and medical history, vaginal estrogen use, pessary care, dates of erosions, vaginal bleeding, increased vaginal discharge, and date of and reason for pessary discontinuation. Any information that could not be obtained from the medical record was recorded as missing. Increased vaginal discharge was defined as either patient report of increase in vaginal discharge or findings of moderate leukorrhea on physical exam at the time of pessary removal or if the provider listed vaginitis or leukorrhea as a diagnosis in the medical record. Our primary exposure of interest was estrogen use, which was defined as any form of vaginal estrogen including topical creams, suppositories, or rings. This was dichotomized into women who did and did not use estrogen. The practice of our providers is to recommend vaginal estrogen creams or suppositories to be used two to three times per week.
Our primary outcome was development of erosions as defined by the provider's documentation of an erosion in the patient medical record; secondary outcomes included discontinuation of pessary use, reason for discontinuation, increased vaginal discharge, and vaginal bleeding. Outcomes could only be assessed among women who had at least one follow-up visit to have the pessary checked.
Data are presented as median and interquartile range (IQR) or proportion. Consistent with reporting guidelines, tests of statistical significance were not conducted for the descriptive characteristics; thus, P values are not presented in Table 1 [12] . Categorical outcome variables were compared using a chi-square or Fisher's exact test, and continuous outcome variables were compared using a Wilcoxon rank-sum test. We plotted Kaplan-Meier survival curves and compared them with the log-rank test. Hazard ratios (HR) and 95 % confidence intervals (CI) were calculated using the Cox proportional hazards model. Variables were selected as potential confounders if they were believed to influence both estrogen use and risk of erosion; potential confounders were not identified based on statistical criterion [13] . Potential confounders were assessed using univariate analysis and were considered for addition in the final model if they changed the HR by >10 %. Data were analyzed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA). All tests were two sided, and P values <0.05 were considered statistically significant.
Results
Of the 404 women identified by CPT code, 205 were excluded. Of the 205 excluded women, 19 could not be fitted with a pessary, 82 were premenopausal, 83 had a pessary for <3 months, and 22 did not have 6 months of follow-up. Thus, 199 women were included in the analysis. Approximately twice as many women used vaginal estrogen (67.3 %) than did not (32.7 %). The two groups of women had similar demographic characteristics, including body mass index, race, ethnicity, marital status, smoking history, diabetes, past hysterectomy or bilateral salpingo-oophorectomy, and prolapse stage. The length of follow-up was greater among women who used vaginal estrogen (29.5) months, than women who did not (15.4 months) ( Table 1) . Rings with support were the most common type used overall (52.8 %), and more women who used vaginal estrogen used rings with support (58.2 %) compared with women who did not use (41.5 %, P = 0.03). No significant differences were noted between groups with regard to other pessary types. (Table 2 ) Women who used vaginal estrogen were less likely to discontinue their pessary than those who did not use (30.6 % vs 58.5 %, P < 0.001). Seven (18.4 %) women who did not indicated pain as the primary reason for pessary discontinuation compared with only one woman who in the estrogen use group (2.4 %, P = 0.03). Median time to pessary discontinuation was similar between the groups (P = 0.33). The most common reason for discontinuation in both groups was a desire for surgical correction of the prolapse. Although most (94.5 %) women returned to have their pessary checked at least once, women who used vaginal estrogen were more likely to return for an evaluation (P < 0.001). Among those who returned, women who used estrogen also had more follow-up visits than those who did not (P < 0.001). (Table 2 ). In both groups, approximately one third of women were able to remove and care for their pessary at home. We did not record the frequency of pessary removal among women who managed their pessaries at home.
The incidence of erosion was 36.6 % among women who used vaginal estrogen and 27.7 % among those who did not, yielding a crude HR of 0.93 (0.54-1.6). (Table 3) As shown in Fig. 1 , the median time to erosion did not differ between groups. Similarly, the incidence of vaginal bleeding did not differ between groups, though it was an infrequent complication (16.4 % vs 13.8 %, P = 0.64) ( Table 3 , Fig. 2) . In contrast, rates were different between groups regarding increased vaginal discharge; those who used estrogen were less likely to develop increased vaginal discharge (15.7 %) than those who did not (32.3 %), yielding a HR of 0.31 (95 % CI: 0.17-0.58). Adjusting for age, pessary type, smoking status, and diabetes did not appreciably alter the HR; thus, only crude results are presented (Table 3 , Fig. 3 ) 
Discussion
In this study, we found no significant difference in the rate of erosions among pessary users who used vaginal estrogen compared with those who did not use vaginal estrogen (Fig. 1) . Women in the vaginal estrogen group were noted to have longer and more frequent follow-up than those who did not using vaginal estrogen. This may be due to the need for women to refill their prescriptions for estrogen. In addition, women who were more agreeable to using vaginal estrogen may also be more compliant with a physician's recommendations regarding follow-up appointments. With better followup evaluations, it is possible that we were better able to capture the vaginal erosions occurring in the estrogen group. Athome pessary care was not common in our study because our population was older (median 76 years of age). In addition, using estrogen may have enabled that group to continue use of their pessary for a longer period of time than those not using estrogen, resulting in erosions due to the longer duration of pessary. Women in our study population who used vaginal estrogen with their pessaries were less likely to discontinue its use or develop an increase in vaginal discharge than women who did not (Fig. 3) . It is likely that vaginal estrogen helped restore the vaginal environment to a premenopausal state by decreasing the vaginal pH and increasing vaginal maturation index. These changes may have improved atrophic vaginitis [14] and, as a result, leukorrhea or discharge. Among women who discontinued pessary use, those who did not use vaginal estrogen were more likely to report pain as a reason for discontinuation, although the number of women in this group was small. The time to pessary discontinuation was similar between groups, which is likely because the most common reason for pessary discontinuation in both groups was desire for surgery, which would not be influenced by estrogen use. However, we cannot infer from our data if the reason for discontinuation and desire for surgery was due to ineffectiveness of the pessary vs another unidentified reason. The literature on the effect of vaginal estrogen on pessary use and complications is limited [15] . A 2006 study by Hanson et al. demonstrated that local hormonal use can play a role in successful pessary fitting; however, it does not explore long-term complications and discontinuation rates when vaginal estrogen is used [6] . In their prospective study on pessary management, Wu et al. demonstrated no association between hormone replacement therapy and successful pessary fitting; however, their study did not specify whether hormones were used orally or locally. A difference may not have been noted if it was orally [7] . Postmenopausal women who use pessaries and do not use hormonal therapy have been shown to have higher rates of bothersome discharge and evidence of vaginitis on microscopy than similar women who do not use pessaries [16] . Similar to this study, Friedman et al. found that older age was associated with higher rates of continued pessary use; however, they found no difference between those who did or did not. Again, it is unclear whether these women used locally or systemically applied hormones [17] .
Many women report significant concerns of using vaginal hormonal preparations, including safety and the risk of breast cancer [18] . Data on long-term results of vaginal estrogen use is limited; however, few contraindications are reported among postmenopausal women [19] . Unlike oral preparations, the incidence of adverse events with vaginal estrogen use compared with placebo has been reported to be equal [20, 21] .
There are several strengths to this study. Both study arms were demographically similar and therefore comparable. Our practice uses an electronic prescription system; therefore, all prescriptions for vaginal estrogen use were documented in the electronic medical record. A thorough medical record abstraction was performed in an attempt to capture all potential confounders, such as prior hysterectomy, smoking status, and prolapse stage. Finally, both groups had a median follow-up of ∼1 year.
Limitations of our study include its retrospective nature, thus limiting us to data documented in the medical record. In particular, we were unable to determine why women did not follow-up with their provider. Our cohort size was modest at 199. We also do not know if women were evaluated by a provider outside of our practice, leaving us unable to capture those complications. However, in our population, nearly all (94.5 %) women returned for at least one follow-up visit. In addition, we were unable to assess compliance with vaginal estrogen use. While we included women who used any type of vaginal estrogen, most studies concur that all formulations have similar efficacy and safety [22] . We also had information as to why some women decided to use vaginal estrogen and others did not and whether these factors contributed to complication rates. We found that more women in the estrogen group were using rings with support than those who did not use vaginal estrogen. However, this type of pessary was assessed in our analysis and did not appreciably alter our results. It was therefore not included in our final model. Finally, our study was conducted at a single institution with a relatively homogenous patient population, which may limit the generalizability of our findings.
Our results suggest that there is a benefit to concomitant use of vaginal estrogen use with pessaries among postmenopausal women. Additional larger, prospective studies are needed, however, to replicate our findings of longer pessary use and lower rates of vaginal discharge among women who use vaginal estrogen with their pessaries. The results of this study suggest that the current practice of using vaginal estrogen in conjunction with pessaries when possible appears to result in fewer minor complications and longer duration of pessary use.
